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(57) Abstract: 

r - 1 

PURPOSE: a digital-analog converter is 
provided which minimizes differential non- 
linearity error and integral non-linearity error. 



CONSTITUTION: A current segment type 
digital-analog converter includes a decoder, a 
selection control circuit, a current source 
circuit and a current compensation control 
circuit. The selection control circuitd 10) 
generates signals for selecting current sources 
according to the output signal of the decoder. 
A current cell array(120) is configured of LSB 
binary current cells, MSB segment current cells 
and switch pahs corresponding to the current 
cells. Odd-numbered switches 
(S1,S3,S5,S ,Sn-1) among the switch paris are 
connected to the current compensation 
control circuitd 30) in common. The current 
compensation control circuit measures current 
provided by the selected current cells to 
determine the amount of current to be 
compensated. The output of the current 
compensation circuit enters the segment 
current cells to compensate for current. 
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4M/ar-P : Sim 
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SSf 

opioii :hais! axig-oite^a e^uife axis tin ^oisot a^i tisn g^shfe <ysj m 
oi us, 3Hhi bioibiai aw^ia a-oss s#^ii s>n, &ui a©i asgoii m^mcn 
a^^ii a^fe as*! oieiioi zieih 4.01 a^si hioil-ibi g^sife as&:ni- sm°i 

AOeiS aSS¥Q S^Bfe aS2l »0|| 5H&8lfe OlkhSU P XI § t!SS All 

npjs a^sib as si ass ss&a. 

£4 

gr/f/M/ 

e is sen :>i*oii mm as A-oejss o/a s^pisi as m& sisb soi^i= sise: 
£ 2^ sen ^i^oii mm 21^ as sisb aa^i= s^e; 

fe h gCHI COS S# AOPJStj D/A ESPIM SOI^fe 

E 4fe E 3°l aS SIS2J SISE £!; 

£ 5b E 4°l as S£f 51 SIS2J SOI^br SISE0IC1. 

*ES2J ¥^CHI ¥S2J gg* 

100 : C| 3 01 110 : ^B! XIIOH SIS 

120 : CH6II0I 130 : as 51 SIS 

52 : bl|jn¥ 54 : A/0 

stssi MS 

stsoi £r8n= j/g §j j mot si mavis* 

e ^ss ann/onrfS3 as^ioii ae s°sah, ch ?asi2Sfe as Annasa qmh/owsh 
sspioii as- 2?0|C|. 

CHVS2I UIP2 t!i XHdl S»te 2^ D/A as All 32! Mi! SSPI (0/A current segment type 
converter )g S&&C1. 0IEI& ^§£1 S&Hlfe: ^¥)X|S0II ^40H2| aSSSS 5& 

£hCKE2 S5). &OI ^SNxISg ClXlg Ms.°\ P3g §3f0ll CO El a§J^°S @8@Q. 32HHS 

as-AHinasg d/a oiysn sj^ c\x\m as°j stfoi &his einif hh sm°i 

ass a son 216H S3tech 

#31 as AHOeiMS D/A 6H&E^ feOISOII COSJ DNL (differential non linearity error : 

□ Xll S^OI & 3E mm COt, OltfSJ cJSUt 1 LSB (least significant b i t ) CHI AH 5!CHU 

§E)31 INL (integral non linearity error : 0|^^!9J t)t2¥9 as^l 5!Oiy 

§E)1 S>3|| SCI. 4^1 DNL. INLS 5Ha6t?l ?)6H aSS ^§§10) SSS S^olfe gfSOl AlgEli 
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91Q. 

2 1£ aw S£f sJ52J zpgg ^oj^cf. 

2 1S S5Sf2, aW S# *J5i=: NMOS 5^XI^P^ (Ml. M2)HI 5HHHAIP (C). P0I22 (0), 

aW£!§ (Iref, Im) 3dl2 ±9\x\ (S1)5 ^^SP. aW^i lm2J aW&S Iref2j aW&0|| J^P. 

Ah Ol It §oh ^^xPh 1 BXf5 3^£JS, #2 1 Iref a lm2J EH» (Im1)^ NMOS 52!X|^P 
(M1)0|| 7JSSQ. OltEH lm< Iref 0IP. &D\ NMOS MSiXI^P (M1)0|| aWXr ( Im1 )fe Qf 0.1 

~0.05*iref^ BP. 01 Al^gJM AlgSlH A>0l^2J 5£HXI^P52 3W S# ^PeiOl }^ 

6m. C[§2§ ±9\X\D\ 2 BXhOII 2193 91^ lout- Im + Im10| H53HI 8C[. Z1BH25 2 

W£!25¥P ^^SiOl 3CU5 SEtV 4^ 9JLQ. 

2 2b D/A &^™o\ £ = S4f *J52j =?&m MOISCf. 

£ 2M S56fa, 3W S« sj^b 3IX|^EH (10)2f ^40H°I ifl XI g( 01 £ A| § )S ^££l£r 

aW^ *J5 (20) m\H ^40H2| aW (C1, C2, Cn, SC)5 ?«SO. #31 BIIXI^P 

dot ^axis* £2.*M3\d\ «e &m.mm m^mo. ±n\ aw mm (ci, 02, cn. 

SC)B &D\ ±$\X\m3± CHSSIH US Oil £25£|£r ^¥|xlS§ BX r 5 

2 us s^ea. 

2W B?| HUSSBS S^oPI HHgOll LSBHj 0NL, INL2I JH£EI2 MSB (most 

significant blt)0ll/dte DNL, I NL 0\\EAD\ MO\mx\ StD\\ BP. Sysjos a s /Jingjeg 0 / A 
i= MSBCHI Ai aW^IM A^gam LSBCHI AH bfOIUdl ?j|0|M S^^ll Ahg&P. 3£H°5 &3| 

DNL, INLS 2W AO 215^ q[§ AO 215^ t»9 0l £j 8MI *tmM\ BP . 



EU2IA) , S &S£| s*Hg SIB* SXIISg 2125, DNL, INL2J t^I 

asfe d/a h«:?i» sissjfcQi sip. 



s b«sk?i we s gjg°i ^soii pxig-o^sn ^^^i^ 

PXI^ SJ^ 6Jii ^0^04 ^111 ^^6^ XII CH m^, JW9\ OFOI Li B| 

n ^>oi <m^s uhoiuai s^is s^a^ assa smsi Aiines s^s^ a^°i 

»«i oH&sfe oHrfsn ^jii a xi a bsskm &d\ ahi n e m a^ii a^afe 2^ s& 

u^i ssbd. «^i 2^ a« si 6fPi bhoibidi s^^m^ s^ab 
mil amsj AtmeiM 2^^^eh g^a^ dinsfe um^, ^01 din¥°j m^m a x\m 
^ B^rn^ 0^^3-cixia ^^i 0^^3-pxig xisoh^ xi§¥M s^a- 

a. 

s ttaoii ca^s. 2w a a- woiusi awiia Annas sw^esj sum oih^ § 

^SAH MSB SWiii M^&Q. 
(MAI Oil) 

oiof e ttaoii aiakxib s 3lhxi £ sss^oi ^Aiiai <saea. 

£ 3e aw Anneimg d/a b^^i^ cisgh ( 100) , ^ 73101 sj^ (110), a^ 

SJ^(120) S M6» (130)S ^^SP. P3CH (100)^ ^ PXIB (Din)M 

Dissofoi m^mo. 

£ 4b S ^S£| ^AlOIIOjl Q>E aW AII3SjMS D/A B^^ISJ MOl^P. 

£ 4S ^of^, ^>oi 731 oh m^. (no)b ^oi P3P doo)£i &m.o\\ mzi aw^ie 
%m ^Jtii e^&p. aw^ cnaioi (120)^ lsbsi dmiua aw mm (si. 1, 2, 

4, 8)Hf MSB 2] Ail3eS aW^M (16. -.16) aW^MOil Qie£lb r^^iXl ^ 

£SP. ^,01 >i^|xl^Mg #4^ ^xlM (S1, S3, S5, S9, Sn-1)^ aW (130) 

oil §§25 £^@p. nam aw a^ si^ (130)^ aw^M^^P g^si^ a 
wm ^ssfoi ^oi-ei-e^j awM 5121x1 ^01 aw h^sj Aiine^ a 

w^^oii £J^sch awe a^a^i sp. 

« ^SOII/dfe 8til5 D/A B^PIOIIAH Ahg£J^ aW^^ 1, 2, 4, 8 U>0|L-)£| 9||0I ^(binary weight) 
aW^Hf 16, 16 Ail 321 ^(segment) aW^Oil t!6H ^SehP. Oil « mO\ , P XII ^j^ 

00001111 (= 0F)OI £J2 1+2+4+8011 2J 5H 0F2J ^10101 PXIB gj^ 3H0II CHB 0f^5 

3 511 ^01 #^^[TH , ^^1 bf 01 LH £| ^|0|S aW^lMg £301 AO 21^ a^^lii 25 ^EH5 

^xisp. pxib si^ chi ah i^e^ pxi^oi ej^sis uhoiLidi ^ioim aw^M^ 
2°a2 %_&m 16 AioeiM^i- sap. nam ^oi s^<^ 16 Aimers xii£i& uchxi 16 AiineiM 

aW^lMS 25 ^EHM ^XISP. ^^| D| XI ij 00001 1 1 1011 AH 0001005 bfi CEH 13E § 

}^ 2}^ ^, 1LSB 2^2] ^^01 ^OiXIOf BP. 32HU, d^IPP ?{|0|5 2^211°] aWl^Hf All 3 

215 aw^oi e^mxi a^i £is dnl, inl oiia^f miioiiw @p. 

^,^1 dhoiuai ?iioi5 aw^2j imjj- 16 ahi 3 2i 5 aw^ie §g§^i api ?i6H 01^21 aws! (sds 
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^»a. n& om aw us d30)M eoH t»oma siioi^ 16 aoejm aw§! 

s bimmoi dnl, inlsj ^§ si^ai^d. 

£5b^ ttSOII aw S# £H USM SOl^IQ ho. 

£ 5M S56f^, aw 2Eg U^b Hti e^PI (52), A/0 H*3I (54) M aiXI±E| (S6)S 

d. 

6Pi e« mm\ (52)21 a^B^ n» (rdb esH uiomai siioim awse (si, 1, 2, 4. 8) 
oil cugsi^ ±9\x\>awm &m ±%x\m (si. S3, ss, S7, s9)oi §12^ ^isa. £Pi e<y- 

(52) 9\ b|**a o,^B8 XHS (R3)B g6H AO£M SW^S ( 16. 16)011 CHSSfe ±9\X\ & 

m m &m ±mz\m (sn. si3, sn-ooi ^i^a. nam atf (52 )o| g* 

2 AFOIOil HSf (R2)0| bl^a ^J^B3f SXIAhOjOII XH» (R4)0I 

a/d £?pi (54)^ &pi ±$\x\mm mm ujoil-isi snas^a g^s^ aw2j »j» aobj 
m aw*!^EH g^sib aw2j xhM p x\m &a. £Pi a/d espisi msb awa(Aii 

321^ aW**M)0|| 6HS8F*= BHXI^EHM (56)011 USSCf. £PI ?\\X\±E\ (56)011 XI SS QIOIEIfe 

msb aw^e saech 

Om B U90II CUB aW M§ sJSM £fe D/A HSPIB £ 4 ^ £ 5011 213H8h01 & All 81 gg»D. 

£ 401IAH, CMOS aW£!g OH SBIS Vgs a^OI SEIH M2!X|>iE|21 A>0I ^(width/ length)^ S 

IdsS SfflSm. M2!XI^EH2| Idsfe Q§a «S UDBD. 

_ _ (uO*COX*width) -in.r^'w , . 2 ^ , . i „, . ... 

lds=[ (2* length) ]*[(Vgs-Vth) * (l+X * Vds)] 



ao| ^AjoilAI. u0(mobi I ity), Cox(oxide cap) ^ M@HX|^EH2] SOPI- gSJoHl, §i§} Vgs^l- 

epmtm oissh^ nai^H ass as ssoiiah §i6fan api- o^ stb ess- 

es \dsJi i^^i go, 

3EHHS D\m aW (Iref)M BBOI VgsM inHOil 216^, M2iXI^EH2J AhOI^ 

2^ 315 aW2] dH^Oll 5H&6f^ 3ii BfSW a 4^ SID. 

0IIM MCH , Pl^ S# M^iXI^ElS 8dHS ShCM SSI^D. 01 EH , ^1^01 £1^ 8t)H Maxi^E12| 

1/2HHM 5^ 40M^h 4bH ^^iXI^El^h l^^a. 5|^ M^1X|^EH2J l/4£] 2bH M^IXI 

r^EH CHIfe 20M^^ e^hx|^E12| 1/8 £1 1 0H M 2! XI ^ EH Oil 10M2I 1§E^ bFOILi 

a «oim &im ^ aiD. 

Ham 16UH Aiin&M 8bH ^l^ ^^Xl^EHOll CHoH 2bH^ AfOl^te S^APIH 160M2) s = ^ 

m^^ii mo. 

£ 4 SI £ 5M ^513, xilCH (110)S| #^0ll £|6H 2^ ^§ 2E^ AI^EIOl ^?|xl S1 , 

S3, S5, S7. S9^h ^USSCf. £}Dl ±^\x\m (SI. S3, S5, S7, S9)01l °I6H 16UH UhOI Lri £| SW^IOI 

^eoixm, x^m nm 2isa. m\n auh&m s^i§ snoi ^?isB£ic>i R3a ^isp. u 

CHXI AlineiM-aW^M (segment current sources)^ 25 ^EHS ^XISD. OltEH, ^§ 2H01I 

AH 5^4= ±¥\X\m (S2, S4, S6, -)B 2¥ H£l3 D/A £tPI£J ffl «H ^ 

9\x\mm mm t^sjoi, ^?ixieg aw ^§ shoiiah ajsso. 

&OI ^xie°1 SSH01I 21511 ^]^£lfe 0P ampM BoW ^0IU£| 9IIOIM aw^£i 1, 1, 2, 

4, &m He! 160H 2W§!3f AHI3&M 160H aW^M blUg 4- 2iD. &OI 2W^°J xhOI 

^^ D/A ^^^I£l DNL, INL OlIEH^ UDU^ll SO. D/A ££PI£| &0\D\ ?|8H ^ All 

^soioi b^im ^ihich an*j(so*! Hwmai ?iioim aw^i d, 2, 4, 8)21 »a binma, 

A/D S^eh ^H} ^, ^Ol aw°l xhOlM El XII 2Es}| ^ SID. OIIM MCH AH3B 

m s#§i]3i bioiUBi ^ioim aw^i°i i^M bi^ofoi, AiizieiM awsioi eh bds(^ 

0.5LSB-1.5LSB) S&Wl AO EM aW^lOilAH »0|^ Ufe 2W ^E.^ fflHtiiD. &0|2f S"0| 
IBHUI^U EH5H^^ S^B 16 AlOSj^ a#^0llAH M^oH^^ SL^Sj 3 J I Oil AH EHoH^^U 

tBH LH ^Aig AtSeD. SE, A/D H*^P|- 2 b|M A/D £^P|EI2 22^H £JH^ 0.5HH 

B AtS8K«Olffi 16UH) ±0.1LSB^XI M^OI ^b»0. Olfe ^ MSB a#a(AH3B!S SSSJOII 6HS8^ 
ailXI^EHOll EHI Ol EH S XlSShOI ^ MSB 2^25 S^oH^D. 

^sHh b^2f ^01 16HH AOem a#^IM Ah g 6^01 15^H^UI aW M^OI ^S£|^ S§@ Dl Ol EH ai 

xi^ehoii ssao. n&m, aw m% shoiiah k» ua s^^ei d/a se^ khhe msb 
aw^ie A^smoj d/a ^^^im ^ 2iD. 



b uaon d^^, moiLHEi aw^^f auhhm aw^s^EH s^si^ aw°j xfM uiae aio 

2^ a#^g a^8h°S/d a# AHI3&M01IAH DM AIOS^^ HlflCHaE DNL, INL 0II2HS MSB aW 
ojo) S mo^ ^ SID. 



^57; af-pjgr mm 

El XII <M^e ^OhMOl a^ Mtii ^^6 r ^ HI 01 H^£f; 
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§ ^BjS^ 0)2)101 gy : 

^bj @ bhoiyai a^iis isafe assa sm°j ahzlem awsva s^gfe xkhi 

8HS8H= OHrfSH iilsS PXI§ dSl e»8K)| #31 a#M§§ e&ofe 2# 5§ 

S|£§ SttStS. 

6.01 an si usfe 

feOI ^ejg! UtOILIBI a#iiS §39fe SH°J »j» 40| sm°| All 3 em S=£¥P 2 

us dinshfe bim¥£f; 

dli2¥2J S^S CI XI § ^ B«8Fte 0h^S3-PX|g H: 

feoi o[<dm.n-ax\m s§*¥2j s^a n§8^ n§¥§ sssib p xis-o^sn h«pi. 

2 

XII 1 SOU 21CHAH, 
feOI S#? *! OieilOlfe 

&OI d|0IP£| SH Sia 2|2f 2S9fe M 1 ^?ixl 31 ai; 

&d\ Aiineje 2#^§i ssgb n 2 nil m ssefe pxig-oiasn asni. 

S^S 3 

XII 1 S SEi= XHI 2 &0II 2J0UH, 

M 1 ±?IXI 3S0II SSEIfe XII 1 EtXh 

fePI XII 2 ^¥)xl 3 SOI Si°5 S3S9h XII 2 gj^ BX> S; 

£B1 



out 
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Binary Weight 
Current Cel I 



Si 4 S3, S5 % S7 4 S9 



15 Segmentat ion 
Current Cel I 




Si S3 S5 S7 S9 



SCL 



S11 



S13 
Sn-1 



out 



110 



1* 



120 
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£&5 
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out 
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